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Energy and Waste Water

Water and energy management are in correlation, as it costs a lot of energy 
to feed in water on today’s standard: The water industry is the fourth 
biggest energy consumer in the United Kingdom. A further increase of the 
standards for water quality leads to rising energy costs – or so one would 
think. The Parliamentary Office of Science and Technology of the two British 
parliaments has examined options for waste water treatment regarding 
energy conservation and renewable energy. 

Over ten billion litres of waste water are generated in England and Wales every day. About 
6.34 giga watt hours are used to treat this amount, almost one percent of the daily electricity 
use of England and Wales. The amount of energy used depends on the quality of the waste 
water and the necessary intensity of the treatment. 

Usually there are three levels of treatment:
• First level: Solids are physically removed.
• Second level: Bacteria transform organic substances into carbon dioxide rich sludge.
• Third level: Possible further treatment to remove other organic substances and /or 

disinfect the water.

Thus, waste water becomes fresh ground or coastal water. Sludge is used agriculturally 
(62 percent), incinerated (19 percent), used for land reclamation (11 percent), composted 
(8 percent) or landfilled.

The relation between water and energy

In 2006, the British water and coal industry commissioned a study to monitor the energy 
consumption and evaluate the actual energy intensity of every step of the water cycle. Without 
any doubt, a rising demand of water leads to a rising of the amount of energy needed to close 
the cycle. Thus, efficient use of the water by the consumers as well as efficient use of energy 
by the water industry can be beneficial to both parties.

These are options to increase water efficiency:
• Measurements: From 2005 to 2006, about 28 percent of the households in England 

and Wales were cashed up over watermetres. These measurements make it possible 
for the water companies to monitor supply and consumption and therefore to discover 
leakages.

• Incentive programs: The improved installation transcription scheme of the government 
allows businesses to get some of their money invested for energy saving and water 
protection technology back.

• Reuse: “Grey water” from bathing, laundry and cleaning dishes can be reused for the 
flush which saves a third of the daily water need.

The energy efficiency of water treatment can be increased through:
• Choosing treatment methods that require little energy (Percolating Filter Bed and Active 

Sludge Processing)
• Replacing machine parts such as pumps and engines by more efficient versions
• Optimising processes through sensor technology, for instance with pumps

The last two measures can lead to energy savings of 30 to 50 percent in pumping station.
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The question of energy generation

There is ripe technology that is often used to generate fuel from waste water treatment and 
research has developed methods to use waste water as an energy resource. From 2005 to 
2006, 493 giga watt hours of renewable energy were generated by the British water industry, 
which is 6.4 percent of the total amount of energy needed for the treatment of water and 
waste water.

Present technologies 
for energy production:

1. Sludge incineration

The United Kingdom produces over a million 
tons of dried solid sludge a year; most of it is 
used in agriculture for soil melioration, which 
reduces the required amount of fertilisers. 
Sludge can also be burned which is an option 
for energy recovery. However, the sludge 
must be dry enough to burn and besides, 
energy is needed to light the incinerator. 
The dehydration requires energy-intensive 
processes such as centrifugation or thermal 
drying. Centrifugation does not need as much 
energy, but the residual heat can be used for 
thermal drying. At the moment, the reuse of 
sludge by bringing it out to agricultural fields is considered a more acceptable method than 
incineration. The amount of sludge produced in the United Kingdom is rising, whereas the 
available agricultural areas are decreasing. This increases energy costs, as more material has 
to be transported to distant locations by lorry.

2. Biogas

The generation biogas through an anaerobic treatment of sludge is a known method. Bacteria 
use the organic parts of the sludge to produce a mixture of methane (60 – 65 percent), 
CO2 (35-40 percent) and trace gases. Contamination such as hydrogen sulphide or water 
is removed and the generated biogas is used in incinerators, combined power and heating 
systems or as a fuel. Anaerobic degradation also reduces the solid parts to 30 percent, which 
reduces the transport and the related energy costs. 
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Treatment of washing water by NEUTRAclear 01
Foto: Mall GmbH

Sources of renewable energies from sludge
Source: Parliamentary Office of Science and Technology
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Future technologies for energy production

There are several new technologies for the production of energy or fuel as a by-product. 
However, further improvements regarding the throughput, reliability or cost efficiency must 
be reached.

1. Transformation to oil and gas

Under carefully controlled conditions and extreme temperatures of 450 to 1000 degree 
Celsius sludge can undergo a chemical reaction and become a fuel. Other processes are 
gasification, that produces syngas which is similar to natural gas, and pyrolysis, that produces 
biooil which is similar to diesel fuel. This method is interesting as it is a possible alternative 
to sludge incineration. However, operation costs are high: Above all, high temperatures must 
be guaranteed and the conditions have to be controlled carefully, to prevent the creation of 
harmful by-products such as hydrogen cyanide. Several pilot projects for sewage treatment 
plants are struggling with such problems.

2. Biomass

In Northern Ireland, sludge – the equivalent of almost 3000 tons of dried solid material – is 
used as a fertiliser for pastures. The trees are cleared regularly and the wood is used as a 
fuel. The use of partly treated waste water on biomass is being researched at the moment. If 
waste water passes through the earth, it is filtered; organic parts are degraded, nitrogen and 
phosphor are reduced, so that the result is a clean outflow. This method needs little energy 
and the capital and operation costs are low. However, it has not been researched yet how 
efficient the system is at removing contaminations, and besides, land has to be available.

3. Hydrogen

Hydrogen is a very interesting fuel as it can be produced from a broad range of materials and 
because it provides energy at minimal air pollution. Organic waste as well as highcarbohydrate 
waste water from breweries serve as a source. Bacteria need organic parts to produce hydrogen 
through fermentation. So far the yields have been very poor and are usually about 15 percent 
of the theoretical maximum. 
Besides, applications as well as 
fuel cells for hydrogen are not 
very common yet.

4. Microbial fuel cells 
These devices offer the possibility 
to treat waste water and 
generate energy with water, CO2 
and inorganic residues as by-
products. Bacteria convert organic 
substances into electricity. So far, 
microbial fuel cells have been 
developed under lab conditions 
which are able to run small devices 
such as pocket-sized ventilators.
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Purification of sewage by bio-membran plant at Ford Saarlouis
Foto: obs / Ford-Werke GmbH
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Questions of water quality:

The measures needed to get water of a good quality, as it is legally fixed in the water frame 
guideline, have not been fully developed yet. However, the British water industry wants to 
take over an additional energy intensive waste water treatment to reduce the amount of 
contaminants such as nitrate, phosphate, and substances such as metals and certain pesticides. 
Densely populated areas with water problems can be classified as very urgent.

1. Chemicals destroying endocrine

This group of chemicals can disrupt the endocrine system of animals and fish, that is to say 
change all hormone producing organs and cells. Contaminated water sources can contain 
numerous pesticides, industrial chemicals, medication, and natural hormones in human and 

animal waste. Research showed that chemicals 
destroying endocrine have a negative effect on 
reproductive organs of fish, especially downriver of 
waste water introduction. Many of these chemicals 
have already been forbidden or are now liable 
to other regulations, and there is a continuing 
research on their impacts and on measures to 
control them. Some measures to remove them 
from the waste water, such as oxidation using 
ozone, are extremely energy intensive.

2.  Contamination with faeces

The aim of the EG water directive 76/160/EEC and 
2006/7/EC is to protect public and environmental 
health from faeces contamination of bathing water. 
In the United Kingdom, disinfections of waste 
water through UV radiation is a known measure 
– it is effective, but it requires a lot of energy. In 

2006, the Northumbrian Water addressed the Agency for the Environment with the request 
to stop the UV disinfections, that are conducted by six sewage treatment plants on the coast 
where waste water is introduced, outside of the bathing season. This measure would reduce 
the energy consumption by over five giga watt hours a year. “Surfer against waste water” 
opposed this suggestion, as it meant an unacceptable risk of acquiring illnesses caused by 
waste water to non-bathing water users. A decision has not been made yet.

Questions of regulation

Government strategies on conserving energy include regulations and incentives for the 
economy, for instance the EU emission trade system and the climate change agreements for 
energy intensive sectors. The British government has yet to decide on measures for less energy 
intensive sectors, such as super markets or hotel chains; it can choose between an obligatory 
emissions trade system with an energy liability or a voluntary system with benchmarking and 
monitoring. So far, the water industry is taking part in none of these programs and as a major 
energy consumer, it would hardly fit the category of less energy intensive sectors.
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Laboratory of municipal sewerage in Braun-
schweig / Germany                   
Foto: Veolia Wasser GmbH
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Innovation restraint

The science and technology report for the water industry, that was conducted by the British 
House of Lords and published in June 2006, stated that research and development in the 
water industry has reached a low point – from 2004 to 2005, a total of only 0.3 of the 
annual turnover was spent on that. The report concluded that economic regulations have an 
encouraging effect on investments, as water associations are thus forced to focus on short-
term profits. An other, more recent report named fixed environmental standards during the 
testing of new technologies as an additional restraint for innovations. However, the lack of 
coordination between water companies, suppliers, regulators, and politicians is also considered 
a strong cause. Waste water treatment has to take place within the structures of water quality 
and economic regulation. This limits the choices of possibilities for conserving and generating 
energy. The water industry is careful when it comes to agreeing to goals that might contradict 
existing requirements. 

Conclusion

• Conserving energy is possible, if consumers use water efficiently and the water industry 
uses energy efficiently at the same time.

• There are tried options for renewable energy such as biogas and there are new 
technologies for waste water treatment such as gasification. Many need further 
investments and research.

• Key thoughts of the water industry are water quality and economic consideration. The 
Parliamentary Office of Science and Technology considers the integration of energy 
related goals into the existing regulations a necessity.

The complete article can be downloaded under: http://www.parliament.uk/documents/upload/
postpn282.pdf

Source: Parliamentary Office of Science and Technology
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